The electronic property of graphene was investigated by hydrazine treatment. Hydrazine (N 2 H 4 ) highly increases electron concentrations and up-shifts Fermi level of graphene based on significant shift of Dirac point to the negative gate voltage. We have observed contact resistance and channel length dependent mobility of graphene in the back-gated device after hydrazine monohydrate treatment and continuously monitored electrical characteristics under Nitrogen or air exposure. The contact resistance increases with hydrazine-treated and subsequent Nitrogen-exposed devices and reduces down in successive Air-exposed device to the similar level of pristine one. The channel conductance curve as a function of gate voltage in hole conduction regime keeps analogous value and shape even after Nitrogen/Air exposure specially whereas, in electron conduction regime change rate of conductance along with the level of conductance with gate voltage are decreased. Hydrazine could be utilized as the highly effective donor without degradation of mobility but the stability issue to be solved for future application.
I. Introduction
Graphene doping, which could tune charge carrier concentration along with carrier type, becomes main research topic for applications such as transparent electrode or semiconducting channel node of transistor [1] . The chemical doping has been generally executed by covalent or noncovalent functionalization of molecular materials [2] . The electronic properties of graphene can also be tuned by the chemical modification such as partial or full hydrogenation [3] and fluorination [4] . However the strong covalent bond such as C-H and C-F disturbs sp2 hybridization of carbon atoms and induces structural defects or chemical impurities, which could highly affect the electronic band structure and transport property of graphene. On the other hand, the doping by the surface charge transfer due to the electron exchange at the interface of graphene and dopants leaves the electronic structure of graphene intact [5] . This is usually achieved by molecular materials absorbed on the surface of graphene. Molecules with electron withdrawing or donating groups will lead to p-type or n-type doping to graphene by charge transfer, respectively [5] . Accordingly, graphene can be intentionally doped by depositing organic or inorganic materials such as alkali metal atoms or aromatic molecules on its surface [6] .
There still exist two main issues regarding graphene doping utilized by charge transfer. First, despite of undisturbed electronic structure of graphene by charge transfer doping, the mobility of graphene has been reported to be degraded by the dopant that could play a role of charged impurity center since it is dominated not by the lattice vibration but the charged impurities at the room temperature [7] .
Second, it is significantly difficult to accomplish required stability for device application.
Among the various dopants, highly effective work function changes are obtained using acid or base materials. Hydrazine (N2H4), strong base, was introduced to reduce graphene oxide into graphene [8] .
More recently, diluted hydrazine monohydrate solution was adapted as the n-type dopants using its unpaired electron [9] . Here, we monitor graphene Fermi level shift using highly diluted N2H4 solution and investigate the stability issue along with transport property. N2H4 treatment is very effective to dope graphene with negligible mobility degradation but requires the reliable doping stability as expected.
II. Experimental Results
Chemical vapor deposition (CVD) graphene on Cu foil was transferred onto SiO2/Si wafer using polymethyl methacrylate (PMMA) and patterned by photolithography [10] . Device structure is shown Raman data normalized by G peak intensity (IG)
were taken to monitor graphene during the device fabrication process, which is shown in Fig. 1 .
Although the slight increase of the normalized D peak intensity (ID/IG) is found in graphene after vacuum
annealing, it appears nearly negligible. I2D/IG ratio is elevated from 1.5 to 2.5 during the graphene transfer, photolithography and vacuum anneal. The initial low I2D/IG value could be originated from hole-doping of graphene judging by the shift of G peak whose positions after transfer, photolithography and vacuum change depending on the process at the VNP (Fig. 4(b) ).
σmin is closely related to the residual impurity and re- versely proportional to the carrier mobility which is generally dominated by charged defects in graphene [6, 13] . Therefore, process dependent σ min V NP can il- and mobility.
Highly increased electron mobility with hydrazine treatment becomes reduced by N2 or Air exposure.
Whereas, although hole mobility of N2H4 treated device is difficult to measure due to the large VNP shift due to hydrazine treatment, hole mobility does not change with N2H2 treatment based on the slope of gate dependent channel conductance curve close to VNP as shown in the inset of Fig. 3(d-f) It is rather reduced by N2 exposure and then gradually recovered with Air exposure. For the CVD graphene, hole mobility often has been reported to be higher than electron one [14] . Electron and hole conduction asymmetry has been considered by various mechanisms [15] [16] [17] [18] . Here, the electron to hole mobility ratio shown in the inset of Fig. 4 indicates the asymmetry is induced by doping [15] . P-type (n-type) doping produces a potential barrier that suppresses electron One interesting point is that channel resistance was measured using four probe method. Therefore, it does not include the contribution of contact resistance. From the Fig. 6(b) , we extracted the y-axis intercept using line fitting in both devices, which must be zero without contact resistance. They are 44, 52 Ohm for pristine and 2 month Air-exposed device after hydrazine treatment respectively. This channel length independent value could be related to the invasive electrode structure and abnormal relationship between minimum conductivity and mobility.
III. Summary 
